The fate of 62 patients with atrial septal defect (ASD) who were 40 years of age and older was analyzed in detail. All patients were studied hemodynamically, those who underwent operation were recatheterized postoperatively, and the subsequent clinical courses of the entire group were determined. Cardiorespiratory symptoms were reported by 94% of the patients; 45% were in functional class III or IV. Fifty-four patients had moderate or large left-to-right shunts; pulmonary arterial (PA) hypertension was present in 69% of these patients, and was severe in 28%. PA 
IT IS NOW RECOGNIZED that the majority of older patients with atrial septal defect have disabling, often progressive symptoms1-12 and that significant pulmonary arterial hypertension and congestive heart failure commonly occur." 46 9 10 The changes From the Cardiology Branch and the Clinic of Sur- gery, National Heart Institute, National Institutes of Health, U. S. Public Health Service, Bethesda, Mary- land.
Circulation, Volume XXXVII, February 1968 in pulmonary arterial pressure and blood flow which accompany this progressive clinical deterioration and the development of impaired cardiac function have not been established, however. In addition, objective evaluation of the long-term results of operative correction by means of detailed hemodynamic studies has been determined in relatively few older patients. Recent reports indicate that operative mortality has been substantially lowered during recent years in older patients with atrial septal defect, [13] [14] [15] but the advisability of operative treatment in such patients remains controversial. Thus, it has been suggested that symptomatic benefit following operation is so limited that nonoperative management of patients in this age group is preferable." 6 The present study examines in detail the fate of a group of patients over the age of 40 years with atrial septal defect, in many of whom corrective operations were performed. The entire clinical courses of all patients were analyzed in detail. All of the patients were studied by cardiac catheterization and in those who underwent operation catheterization also was carried out postoperatively.
Methods Patient Selection
All patients included in the analysis were 40 years of age or older and had an interatrial communication, with or without partial anomalous pulmonary venous connection, as the only hemodynamically significant cardiac defect. Sixty-two patients fulfilling these criteria were evaluated at the National Heart Institute between May 1956 and December 1965. Twenty-one were men and 41 women, and their ages ranged from 40 to 65 years (average, 46.5 years) at the time of initial evaluation.
The diagnosis of atrial septal defect (ASD) was established by cardiac catheterization in all patients. In each the cardiac catheter was passed from the right atrium into the left atrium. The presence and magnitude of any left-to-right shunt entering the right atrium was established by oximetry or the application of inhaled foreign gas tests or both. 17' 18 In addition, in all patients the origin of left-to-right or right-to-left shunts was also determined by means of arterial indicator-dilution curves recorded after injections of indocyanine-green dye at multiple sites in the heart and great vessels. Several patients with severe pulmonary arterial (PA) hypertension and no left-to-right shunt, in whom the pressure in the right atrium exceeded that in the left atrium, were considered to have primary pulmonary hypertension with patent foramen ovale; they were not included in the study. At the time of initial evaluation, 58 of the 62 patients (94%) had histories of cardiac Circulation, Volume XXXVII, February 1968 symptoms ranging in duration from 6 months to 40 years (average, 6.8 years). Ninety per cent of the patients complained of exertional dyspnea, 48% had fatigue, 43% palpitations, 28% edema, and 3% had had hemoptysis; 22% described chest pain, and in 8% the character of the pain suggested that it was angina pectoris. Thirty-two (52%) of the patients were receiving digitalis for symptoms of congestive heart failure. Six (10%) were considered to be in functional class I (New York Heart Asso- III  III   III   III   III   III   III   III   III   III   III  III   III   III   III   III   III   III  IV   upon:   IL  II   III  III  III  III  III  II  III  II  I  I  III Forty-eight of the 62 patients underwent operations for repair of the ASD. Operation was not undertaken in the remaining 14 patients because of balanced or predominantly right-to-left shunting (seven patients), lack of symptoms and/or a small shunt with normal PA pressure (two patients), and refusal of operation (three patients); operation was not performed because of associated disease in one patient, and advanced age together with previously inadequate therapy for congestive heart failure in another. Of the patients who were operated upon, 35 were found to have ostium secundum defects, three had ostium primum defects (one with associated partial anomalous pulmonary venous connection), three had sinus venosus defects with anomalous connection of the right upper and middle lobe pulmonary veins, and one had a common atrium.
Six patients (12.5%) died within 1 month of operation. Four of these six deaths occurred prior to 1961, early in the experience with extracorporeal circulation; since that time, the early mortality has been reduced to 6.5% (two deaths in 31 operations). Of the six deaths, four occurred in the immediate postoperative period; in one patient, a massive cerebrovascular accident was incurred Only three of the survivors of operation have failed to sustain the symptomatic benefit initially reported within the first year after operation. One developed severe mitral and tricuspid regurgitation of uncertain etiology first recognized 3 years postoperatively, one who had moderate PA hypertension preoperatively reported mild recurrent dyspnea and edema 6 years following operation, and one developed dyspnea and fatigue with atrial flutter 3 years postoperatively. Of the remaining 34 patients, all had exertional dyspnea preoperatively, and 10 noted some residual dyspnea at late follow-up. Fatigue, described by 18 patients preoperatively, was reduced in severity but persisted to some degree in nine patients. Of 21 patients having palpitations before operation, 16 were completely free of this symptom following operation, and in two they were much less troublesome. Seven of the nine patients who had edema preoperatively reported recurrent edema in the late postoperative period, although in all but one patient the edema was mild and was controlled with the occasional use of diuretics.
Patients Not Operated Upon
In six of the 14 patients in this group, the hemodynamic findings were comparable to those of patients who underwent operation. In three of these six patients, the clinical status was unchanged 5.8, 2.5, and 3.3 years following initial evaluation. Two patients reported progressive disability, one to class III and one to class IV, 3.5 and 6.8 years after evaluation, respectively, while one patient has improved on stringent medical management 1 year after initial evaluation.
Late follow-up information was also obtained in six of the seven patients not operated upon because of balanced or predom- 
26Z8
inant right-to-left shunting, resulting from severe pulmonary vascular disease. Three died 1.5, 4.5, and 9 years following initial evaluation, their ages at death being 45, 52, and 56 years. The remaining three patients have been followed for 15 months or less. One has deteriorated from functional class III to functional class IV, while in two the symptoms have remained stable.
Discussion
Disabling cardiorespiratory symptoms occur in the majority of older patients with ASD who come to medical attention." 6, 9, 15 Thus, in the present study, 92% of patients had significant symptoms, and 45% were severely limited. This finding is in sharp contrast to the infrequent occurrence of disability in younger patients with ASD.A 10, 21 Although objective evidences of cardiac dysfunction such as cardiac enlargement, atrial fibrillation, and congestive heart failure, have been recognized relatively more frequently in elderly patients with ASD,'1 3, 5, 6, 9, 10 the hemodynamic alterations that accompany and may be responsible for the development of symptoms and objective evidence of impaired cardiac function have not been clearly delineated previously. Thus, while PA hypertension has been noted with a greater frequency in older patients with ASD than in those under 40 years of age,4 6, 8, 10 there is only limited evidence suggesting that incapacitated patients more frequently have PA hypertension.6 It has also been considered that left ventricular dysfunction, pulmonary infections or repeated pulmonary emboli may contribute to the appearance and progression of symptoms.3 6, 9, 10 In the present study a clear relation between the existence of PA hypertension and the degree of symptomatic limitation was apparent. Eighty-two per cent of the patients in functional classes III and IV had PA hypertension (average PA systolic pressure, 59 mm Hg), and in 50% of this group the PA hypertension was classified as severe. In addition, patients without PA hypertension in these classes had large left-to-right shunts. Although the PA pressure was also elevated Circulation, Volume XXXVII, February 1968 in 68% of patients in functional classes I and II, the PA systolic pressures were considerably lower in this group (average, 41 mm Hg). Conversely, among the patients without PA hypertension, 87% were in classes I and II. Severe PA hypertension existed in 24% of patients in classes I and II, however. Thus, while PA hypertension did not necessarily dictate the presence of functional limitation, the present findings imply that it is almost always of significance in patients who have severe symptomatic disability. In none of the patients did the development or progression of symptoms appear related to repeated pulmonary infections or pulmonary embolization.
Despite the high incidence of PA hypertension, patients with balanced or predominantly right-to-left shunting represent a relatively small fraction of older patients with ASD,1 6, 9, 10 patients with mild symptoms. Indeed, in the present study no patient in functional class III or IV failed to benefit substantially from operation. This improvement has been sustained in all but three of the 37 patients who were evaluated at postoperative intervals averaging 5 years.
In conclusion, it is now clear that the great majority of older patients with ASD have symptoms. It also appears that these patients incur progressive, often severe disability despite adequate medical treatment, although additional follow-up information on larger numbers of such patients will be necessary before more definitive statements concerning their prognosis can be made. The findings in the present study indicate that such patients almost invariably have PA hypertension, often accompanied by a large left-toright shunt, and that the few without PA hypertension have large left-to-right shunts. Despite these severe hemodynamic lesions and symptoms, the findings indicate that operation results in hemodynamic and clinical benefit that is sustained in the great majority of patients. Recommendation of operative treatment of ASD in older patients having significant symptomatic limitation therefore seems advisable even in the presence of moderate PA hypertension, a large left-to-right shunt, or congestive heart failure.
